Pickling waste dosing to control excessive hydrogen sulfide in anaerobic digester and its impact on biosolids reuse by Charles, W. et al.
Pickling waste dosing to control excessive hydrogen sulfide 
in anaerobic digester and its impact on biosolids reuse 
W. Charles1*, G. Ho1 and A. Kayaalp2 
1Centre for Organic Waste Management, Murdoch University, Perth, Western Australia, Water 
Corporation of Western Australia, Perth, Western Australia (*E-mail: w.charles@murdoch.edu.au) 
 
Keywords: anaerobic digestion, biosolids, hydrogen sulfide, odour control, pickling waste 
 
INTRODUTION  
The Woodman Point wastewater treatment plant (WWTP) in Western Australia 
experiences excessive hydrogen sulfide (H2S) levels in biogas from anaerobic 
digesters. It currently employs an iron-based chemical oxidant gas scrubber to remove 
H2S from the biogas. The use of this scrubbing is expensive as well as labour 
intensive. Direct dosing of the anaerobic digesters with ferric chloride (FeCl3) can 
control H2S emissions (Charles et al., 2006). However, chemical is expensive. 
Pickling waste, from galvanising industry available locally, contains high iron 
contents that can be used as a cheap alternative Fe3+ source to precipitate soluble 
sulfide.  This study investigated the feasibility of using pickling waste as an economic 
form of iron salt to control H2S emissions at Woodman Point WWTP and assessed its 
impact on biosolids reuse. 
 
SULFIDE PRECIPITATION USING PICKLING WASTE 
A series of batch experiments were conducted to determine the required dosage of 
pickling waste to precipitate sulfide in the anaerobic digester. As shown in Figure 1a, 
the addition of approximately 1.5 mol of Fe3+ (in pickling waste) per mol of dissolved 
sulfide was found to be effective in controlling hydrogen sulfide emission with the 
biogas.  Although pH of pickling waste is extremely low (pH around 1), due to the 
small amount of pickling waste required (Figure 1b) relative to the large buffer 
capacity of the sludge, the pH of the mixed liquor was virtually unchanged, indicating 
that adverse effects to methanogenesis are not likely.  
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Figure 1 The effect of iron in pickling waste on dissolved sulfide precipitation and pH in anaerobic 
sludge; a) as mmol , and b) as ml of pickling waste 
IMPACT OF PICKLING WASTE DOSING TO CONTROL H2S EMISSION 
ON BIOSOLIDS REUSE 
Pickling waste generally contains not only Fe3+, but also other heavy metals.  When 
pickling waste is dosed to anaerobic sludge, these heavy metal have potential to 
precipitate sulfide and accumulate in the anaerobic sludge, and eventually in 
biosolids. In this study, a survey of pickling waste quality from 4 galvanising 
industries around Perth Metropolitan was conducted. The average values of heavy 
metals contents were used to estimate the final heavy metal in the biosolids. About 9 
litres of digested sludge from the anaerobic digester at Woodman Point WWTP was 
centrifuged into 1 kg of biosolids. Estimated metal additions in the biosolids after 
pickling waste dosing are summarized in Table 1.  
 
Table 3 Estimated heavy metal concentration (mg/kg) in biosolids before and after pickling waste 
dosing 
 





































 2004 2005 2006 Average      
Aluminium 4318 4793 4470 4527 C3 0.5544 4527.56 C3 0.012 
Arsenic 3.04 2.81 5.62 3.82 C1 <0.00396 3.82 C1 0.104 
Cadmium 2.21 1.82 1.92 1.98 C1 <0.00396 1.98 C1 0.200 
Chromium 83 62 71 72.24 C1 0.3762 72.61 C1 0.351 
Copper 1344 1295 1256 1298.9 C2 0.013464 1298.98 C2 0.001 
Iron 4133 N/A N/A 4133.3 C3 752.4 4885.73 C3 12.455 
Lead 63.4 52.4 49.5 55.10 C1 1.188 56.29 C1 2.156 
Mercury 2.09 2.05 1.86 2.00 C2 <0.00396 2.00 C2 0.198 
Molybdenum 21.56 21.56 21.89 21.67 C2 0.02178 21.69 C2 0.090 
Nickel 56.66 38.34 34.44 43.15 C1 0.5544 43.70 C1 1.285 
Selenium 4.31 4.93 3.97 4.40 C2 <0.00396 4.40 C2 0.090 
Zinc 1024 770 841 878.77 C2 514.8 1393.57 C2 58.582 
* Based on biosolids concentration acceptance concentration thresholds (Department of Environmental 
Protection, 2002). 
 
Due to low quantity of pickling waste required (approximately 0.44 ml/m3 anaerobic 
sludge) for H2S control, heavy metal addition through pickling waste dosing is minute 
compared to existing heavy metals already in biosolids. The highest estimated metal 
addition from pickling waste dosing is zinc (58.6%) followed by iron (12.5%). 
Although zinc addition is significant after pickling waste dosing, the final zinc 
concentration after dosing is still well below the Western Australia Grade C2 
acceptance concentration threshold. The percentages of other heavy metal addition are 
insignificant.  
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